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ABSTRACT 
�
/DERUDWRU\�WUDLQLQJ�LV�DQ�HVVHQWLDO�SDUW�RI�PRVW�(QJLQHHULQJ�(GXFDWLRQ�SURJUDPV�DQG�DPSOLILHG�
E\�WKH�&RYLG����FULVLV��HGXFDWLRQDO�LQVWLWXWLRQV�DUH�LQFUHDVLQJO\�H[SORULQJ�EOHQGHG�DQG�RQOLQH�
ODERUDWRULHV�DV�DQ�DOWHUQDWLYH�RU�FRPSOHPHQW�WR�SXUH�RQ�VLGH� OHDUQLQJ�HQYLURQPHQWV�� ,Q�WKLV�
SDSHU��ZH�UHSRUW�RQ�WKH��UH���GHVLJQ��LPSOHPHQWDWLRQ�DQG�HYDOXDWLRQ�RI�D�EOHQGHG�ODERUDWRU\�
FRQFHSW� LQ� MRLQLQJ� WHFKQRORJ\��7KH� ODERUDWRU\�FRQVLVWV�RI� WKUHH� LQWHUOLQNHG�SLOODUV�DQG�EXLOGV�
FRQFHSWXDOO\�RQ�WKH�IOLSSHG�FODVVURRP�DSSURDFK��:H�HYDOXDWH�VWXGHQW�OHDUQLQJ�DQG�VDWLVIDFWLRQ�
DV�ZHOO�DV�WHDFKHU�H[SHULHQFHV�LQ�WKH�QHZ�OHDUQLQJ�GHVLJQ�EDVHG�RQ�VWXGHQW�HYDOXDWLRQV�DQG�
SHUIRUPDQFH�GDWD�DV�ZHOO� DV� WHDFKHU� UHIOHFWLRQV��7KH� UHVXOWV� VKRZ� WKDW� WKH�QHZ� ODERUDWRU\�
LPSURYHG�WKH�DYHUDJH�JUDGH�RI�VWXGHQWV�E\�����FRPSDUHG�WR�WKH�WUDGLWLRQDO�VHW�XS��ZKLFK�ZH�
DWWULEXWH�WR�WKH�LQFUHDVH�LQ�DFWLYH�OHDUQLQJ��6WXGHQWV�DOVR�UHSRUW�KLJK�VDWLVIDFWLRQ�ZLWK�WKH�QHZ�
IRUPDW� DQG� DSSUHFLDWH� WKH� IOH[LELOLW\� DQG� DFFHVVLELOLW\� RI� WKH� RQOLQH� OHDUQLQJ� PDWHULDOV��
4XDOLWDWLYH�DQDO\VLV� LQGLFDWHV��KRZHYHU�� WKDW�VXFFHVVIXO�SDUWLFLSDWLRQ� LQ� WKH� IOLSSHG� IRUPDW� LV�
FRXSOHG�WR�KLJK�GHJUHH�RI�VHOI�UHJXODWHG�OHDUQLQJ�VNLOOV��)XUWKHU��WHDFKHUV�SDUWO\�KDG�GLIILFXOWLHV�
WR�HQVXUH�DFWLYH�SDUWLFLSDWLRQ�LQ�WKH�V\QFKURQRXV�RQOLQH�VHVVLRQV��'HVSLWH� WKHVH�LVVXHV��ZH�
FRQFOXGH�WKDW�WKH�SUHVHQWHG�IOLSSHG�ODERUDWRU\�FRQFHSW�LV�DQ�H[FHOOHQW�IRUPDW�WR�FRPELQH�WKH�
DGYDQWDJHV�RI�RQOLQH� OHDUQLQJ�ZLWK�WKH�KDQGV�RQ�H[SHULHQFH�RI�SK\VLFDO� ODERUDWRU\�ZRUN��%\�
XWLOL]LQJ�WKH�EHQHILWV�RI�RQOLQH�OHDUQLQJ��WKLV�IRUPDW�UHGXFHV�WKH�WLPH�VWXGHQWV�VSHQG�SDVVLYHO\�
OLVWHQLQJ�WR�OHFWXUHV�DQG�PRUH�WKDQ�GRXEOHV�WKH�WLPH�VSHQW�RQ�DFWLYH�OHDUQLQJ�DQG�SUDFWLFH��
�
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INTRODUCTION�
 
/DERUDWRU\� WUDLQLQJ� LV� DQ� LPSRUWDQW� SDUW� RI� HQJLQHHULQJ� HGXFDWLRQ� SURJUDPV�� DV� LW� DOORZV�
VWXGHQWV�WR�DFTXLUH�SUDFWLFDO�VNLOOV�DQG�NQRZOHGJH�WKURXJK�H[SORUDWLRQ��H[SHULPHQWDWLRQ��DQG�
UHIOHFWLRQ� LQ� DQ� LQTXLU\�EDVHG� OHDUQLQJ� HQYLURQPHQW� �+RIVWHLQ� 	� /XQHWWD�� ������ LQFOXGLQJ�
DQDO\VLV�� FUHDWLYLW\�� DQG� WHDPZRUN� VNLOOV� �0RKDPPHG�� HW� DO��� ������� 7UDGLWLRQDO� ODERUDWRU\�
HQYLURQPHQWV�KDYH�EHHQ�VKRZQ�WR�KDYH�QXPHURXV�EHQHILWV�IRU�VWXGHQWV��LQFOXGLQJ�LPSURYHG�
XQGHUVWDQGLQJ� RI� FRXUVH�PDWHULDO� DQG� HQKDQFHG� SUREOHP�VROYLQJ� DELOLWLHV�� +RZHYHU�� WKHVH�
HQYLURQPHQWV�DOVR�FRPH�ZLWK�WKHLU�RZQ�VHW�RI�FKDOOHQJHV��VXFK�DV�KLJK�FRVWV��OLPLWHG�DFFHVV�
DQG�VDIHW\�ULVNV��$V�D�UHVXOW��DQG�DPSOLILHG�E\�WKH�&RYLG����FULVLV��HGXFDWLRQDO�LQVWLWXWLRQV�KDYH�
EHHQ�WXUQLQJ�WR�EOHQGHG�DQG�RQOLQH�ODERUDWRULHV�DV�DOWHUQDWLYHV�RU�VXSSOHPHQWV�WR�LQ�SHUVRQ�
OHDUQLQJ� HQYLURQPHQWV� �*UDKDP�� ������ ������� ,Q� WKLV� SDSHU�� ZH� SUHVHQW� WKH� GHVLJQ��
LPSOHPHQWDWLRQ�� DQG� HYDOXDWLRQ� RI� D� EOHQGHG� ODERUDWRU\� FRQFHSW� LQ� MRLQLQJ� WHFKQRORJ\�� DQ�
LQWHUGLVFLSOLQDU\� FRXUVH� PRGXOH� WKDW� LQFRUSRUDWHV� HOHPHQWV� RI� PDWHULDOV� VFLHQFH�� HOHFWULFDO�
HQJLQHHULQJ�DQG�FRQVWUXFWLRQ��3HGDJRJLFDOO\��WKH�ODERUDWRU\�LV�EDVHG�RQ�WKH�IOLSSHG�FODVVURRP�
DSSURDFK��ZKHUH�VWXGHQWV�SUHSDUH�DW�KRPH�IRU�PRUH�DFWLYH�OHDUQLQJ�LQ�WKH�RQ�VLWH�ODERUDWRULHV�
�6W|KU�	�$GDZL���������7KH�OHDUQLQJ�GHVLJQ�FRQVLVWV�RI�WKUHH�SLOODUV������DV\QFKURQRXV�RQOLQH�
OHDUQLQJ� DFWLYLWLHV�� ���� V\QFKURQRXV� GLJLWDO� OLYH� GHPRQVWUDWLRQV�� DQG� ���� RQ�VLWH� SUHVHQFH�
ODERUDWRULHV� IHDWXULQJ� DXJPHQWHG� UHDOLW\�EDVHG� DQG� UHDO�ZHOGLQJ� H[HUFLVHV�� %DVHG� RQ� GDWD�
IURP�VWXGHQW�DVVHVVPHQWV�DQG�HYDOXDWLRQV��ZH�H[DPLQH�WKH�EHQHILWV�DQG�FKDOOHQJHV�RI� WKH�
QHZ�OHDUQLQJ�GHVLJQ�LQ�FRPSDULVRQ�WR�WUDGLWLRQDO�ODERUDWRULHV���
�
�
STATE OF THE ART�
�
2QOLQH�ODERUDWRULHV�DUH�D�W\SH�RI�H�OHDUQLQJ�WRRO�WKDW�DOORZV�VWXGHQWV�WR�SHUIRUP�H[SHULPHQWV�
DQG�VLPXODWLRQV�UHPRWHO\�XVLQJ�UHDO�RU�VLPXODWHG�HTXLSPHQW��$FFRUGLQJ�WR�&KHQ�HW�DO����������
RQH�FDQ�GLVWLQJXLVK�WZR�EDVLF�DSSURDFKHV��UHPRWH�ODEV�DQG�YLUWXDO�ODEV��5HPRWH�ODEV�LQYROYH�
UHDO�HTXLSPHQW� WKDW�DUH�FRQWUROOHG�UHPRWHO\� WKURXJK�WKH� LQWHUQHW�XVLQJ�SUHGHILQHG�JDWHZD\V�
�GLUHFWO\�RU�YLD�D�OLYHVWUHDPHG�LQVWUXFWRU�LQ�WKH�ODERUDWRU\���7KH�H[SHULPHQWV�FDQ�EH�IROORZHG�
OLYH� YLD� YLGHR� WUDQVPLVVLRQ� DQG� UHDO� PHDVXUHG� YDOXHV� ZRXOG� EH� GHWHUPLQHG� �%XUGLQVNL� 	�
6FKLIIWOHU�:HLQOH���������9LUWXDO� ODEV�UHIHU�WR�VLPXODWHG�ODE�HQYLURQPHQWV�EDVHG�RQ�VRIWZDUH�
DQG�VWUHDPLQJ�DSSURDFKHV��$�QXPEHU�RI�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�RQ�WKH�DGYDQWDJHV�DQG�
GLVDGYDQWDJHV�RI�WKHVH�RQOLQH�ODE�DOWHUQDWLYHV��DV�ZHOO�DV�WKHLU�HIIHFW�RQ�VWXGHQW�OHDUQLQJ��2QH�
RI�WKH�PDLQ�EHQHILWV�RI�RQOLQH�ODERUDWRULHV�LV�WKDW�WKH\�FDQ�SURYLGH�OHDUQHUV�ZLWK�DFFHVV�WR�D�
ZLGH�UDQJH�RI�HTXLSPHQW�DQG�UHVRXUFHV�WKDW�PD\�QRW�EH�DYDLODEOH�LQ�WKHLU�ORFDO�HQYLURQPHQW��
ZKLFK�LV�HVSHFLDOO\�YDOXDEOH�IRU� OHDUQHUV� LQ�GLVDGYDQWDJHG�RU�XQGHUVHUYHG�DUHDV��&RUUHLD�HW�
DO����������6LPLODUO\��1HGLF�HW�DO���������DQG�3RVW�HW�DO���������IRXQG�WKDW�UHPRWH�DQG�YLUWXDO�
ODEV�DUH� ORZ�FRVW� DOWHUQDWLYHV�� SURYLGLQJ� IOH[LELOLW\� DQG�DFFHVVLELOLW\� IRU�VWXGHQWV�� /\QFK�DQG�
*KHUJXOHVFX��������DQG�3RWNRQMDN�HW�DO���������QRWHG�WKDW�UHPRWH�DQG�YLUWXDO�ODEV�DUH�UHVLVWDQW�
WR� GDPDJH� DQG� KDYH� VLPSOLILHG� PDLQWHQDQFH� RI� ODE� IDFLOLWLHV�� 6HYHUDO� VWXGLHV� KDYH�
GHPRQVWUDWHG�WKH�HIIHFWLYHQHVV�RI�RQOLQH� ODERUDWRULHV� LQ�SURPRWLQJ�OHDUQLQJ��)RU�H[DPSOH��D�
VWXG\� E\�5LRV� DQG� FROOHDJXHV� ������� IRXQG� WKDW� RQOLQH� ODERUDWRULHV� FDQ� HQKDQFH� OHDUQHUV
�
XQGHUVWDQGLQJ�RI�VFLHQWLILF�FRQFHSWV�DQG� LPSURYH� WKHLU�SUREOHP�VROYLQJ�VNLOOV��&RUUHLD�HW�DO��
�������IRXQG�WKDW�RQOLQH�ODERUDWRULHV�FDQ�SURPRWH�WKH�GHYHORSPHQW�RI�FULWLFDO�WKLQNLQJ�VNLOOV�DQG�
LQFUHDVH�OHDUQHU�HQJDJHPHQW��%DUWRFFL�HW�DO���������IRXQG�WKDW�YLUWXDO�ODEV�FDQ�HQDEOH�VWXGHQWV�
WR�SDUWLFLSDWH�LQ�LQTXLU\�EDVHG�OHDUQLQJ�WR�IRUPXODWH�DQG�H[DPLQH�K\SRWKHVHV��DQG�:HVW�DQG�
9HHQVWUD��������IRXQG�WKDW�VWXGHQWV�DSSUHFLDWH�WKH�DELOLW\�WR�UHSHDW�H[SHULPHQWV�DW�WKHLU�RZQ�
SDFH���
�
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+RZHYHU��/\QFK�DQG�*KHUJXOHVFX��������DQG�3RWNRQMDN�HW�DO���������DOVR�QRWHG�WKDW�YLUWXDO�
ODERUDWRULHV�ODFN�D�UHDO�OLIH�IHHO�DQG�FDQ�OHDG�WR�RYHUVLPSOLILFDWLRQV�LI�GHVLJQHG�RU�LPSOHPHQWHG�
LQFRUUHFWO\��6WXGHQWV�ZRUN�RQO\�ZLWK�D�PRGHO�UHSUHVHQWDWLRQ�RI�WKH�UHDO�H[SHULPHQW��%XUGLQVNL�
	�6FKLIIWOHU�:HLQOH��������DQG�PLVV�WKH�H[SHULHQFH�RI�H[SHULPHQWLQJ�RQ�UHDO�PDFKLQHV��7KH�
PHDVXUHG�YDOXHV�FDQ�DOVR�GLIIHU�JUHDWO\� IURP�UHDO�YDOXHV�DQG�GDWD�JHQHUDWHG� LQ�YLUWXDO� ODEV�
WHQGV�WR�ODFN�YDULDWLRQ��/HZLV���������6RXUFHV�RI�HUURU�IURP�WKH�UHDO�ODERUDWRU\�DUH�HOLPLQDWHG�
VR�WKDW�VWXGHQWV�GR�QRW�OHDUQ�KRZ�WR�GHDO�ZLWK�LQFRUUHFW�PHDVXUHG�YDOXHV��$QRWKHU�FKDOOHQJH�
RI�RQOLQH�ODERUDWRULHV�LV�WKH�QHHG�IRU�OHDUQHUV�WR�KDYH�DFFHVV�WR�DSSURSULDWH�WHFKQRORJ\�DQG�
LQWHUQHW� FRQQHFWLYLW\� �&RUUHLD� HW� DO��� ������� )LQDOO\�� WKH� VZLWFK� IURP� IDFH�WR�IDFH� WR� RQOLQH�
ODERUDWRULHV�LV�SURYLQJ�WR�EH�GLIILFXOW�IRU�WHDFKHUV��,Q�D�UHFHQW�VXUYH\��.UlPHU�	�+DPPHULFK��
�����������RI� WKH� OHFWXUHUV�VWDWHG� WKDW� WKH\�SHUFHLYH�SUDFWLFDO� WHVWV�DQG�H[SHULPHQWV� WR�EH�
SDUWLFXODUO\�OLPLWHG�E\�RQOLQH�WHDFKLQJ��,Q�DGGLWLRQ������RI�WKHP�IHDUHG�WKDW�PRVW�VWXGHQWV�ZLOO�
EH�VLJQLILFDQWO\�EHKLQG�LQ�OHDUQLQJ��
�
2YHUDOO��VWXGLHV�KDYH�VKRZQ�WKDW�UHPRWH�DQG�YLUWXDO�ODEV�FDQ�SURYLGH�HTXDO�RU�EHWWHU�OHDUQLQJ�
RXWFRPHV�IRU�VWXGHQWV�FRPSDUHG�WR�WUDGLWLRQDO�ODEV��%ULQVRQ��������3RVW�HW�DO����������+RZHYHU��
WKH�GHVLJQ�RI�RQOLQH�ODERUDWRULHV�FDQ�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�OHDUQLQJ�RXWFRPHV��(IIHFWLYH�
RQOLQH� ODERUDWRULHV� VKRXOG� EH� LQWHUDFWLYH� DQG� SURYLGH� OHDUQHUV� ZLWK� RSSRUWXQLWLHV� IRU�
H[SHULPHQWDWLRQ� DQG� H[SORUDWLRQ� �5LRV� HW� DO��� ������� 7KH\� VKRXOG� DOVR� LQFOXGH� DSSURSULDWH�
JXLGDQFH�DQG�VXSSRUW��VXFK�DV�IHHGEDFN�DQG�LQVWUXFWLRQDO�PDWHULDOV��WR�KHOS�OHDUQHUV�QDYLJDWH�
WKH� OHDUQLQJ� SURFHVV� �&RUUHLD� HW� DO��� ������� ,W� LV� DOVR� LPSRUWDQW� WR� QRWH� WKDW� WKHUH� DUH� OLWWOH�
FRQFHSWV�RU�VWXGLHV�LQ�WKH�OLWHUDWXUH�IRU�WKH�GLJLWL]DWLRQ�RI�ODERUDWRULHV�ZLWK�ODUJH�DQG�GDQJHURXV�
HTXLSPHQW�VXFK�DV� MRLQLQJ� WHFKQRORJ\��7KH�WUDQVIHU�RI�FRQFHSWV��VXFK�DV�VLPSOH�FLUFXLWV�RU�
H[SHULPHQWV���HVSHFLDOO\�IURP�WKH�ILHOG�RI�SK\VLFV��HOHFWULFV��RU�FRPSXWHU�VFLHQFH�WR�ODERUDWRULHV�
VXFK�DV�PDQXIDFWXULQJ�WHFKQRORJ\��IRUPLQJ�WHFKQRORJ\��MRLQLQJ�WHFKQRORJ\��HWF��LV�QRW�HDVLO\�
SRVVLEOH��7KXV��WKHUH�LV�D�QHHG�IRU�IXUWKHU�UHVHDUFK�WR�XQGHUVWDQG�VWXGHQWV
�H[SHULHQFHV�XVLQJ�
RQOLQH�DQG�EOHQGHG�ODEV�DQG�WR�SURYLGH�GHVLJQ�UHFRPPHQGDWLRQV�IRU�FUHDWLQJ�D�PRUH�SRVLWLYH�
OHDUQLQJ�HQYLURQPHQW�LQ�WKLV�ILHOG��
�
 
CONTEXT: THE PROBLEM WITH THE JOINING TECHNOLOGY LABORATORY�
�
-RLQLQJ�WHFKQRORJ\�DV�DQ�H[DPSOH�IRU�ODERUDWRULHV�ZLWK�KHDY\�DQG�GDQJHURXV�HTXLSPHQW��LV�DQ�
LQWHUGLVFLSOLQDU\�PRGXOH�WKDW�EDVHG�RQ�FRPSHWHQFLHV�IURP�VXEMHFWV�VXFK�DV�PDWHULDOV�VFLHQFH��
HOHFWULFDO�HQJLQHHULQJ��DQG�FRQVWUXFWLRQ��7KH�ODERUDWRU\�XQLWV�FRQWULEXWH�WR�WKH�DSSOLFDWLRQ�DQG�
GHHSHQLQJ� RI� WKH� WKHRU\� ZLWK� SUDFWLFDO� H[HUFLVHV� WR� SURYLGH� D� EHWWHU� XQGHUVWDQGLQJ� DERXW�
GLIIHUHQW�SURFHVVHV�RI�MRLQLQJ��$W�WKH�HQG�RI�WKH�PRGXOH��VWXGHQWV�VKRXOG�EH�DEOH�WR�GLVWLQJXLVK�
DQG�HYDOXDWH�GLIIHUHQW�MRLQLQJ�DQG�FXWWLQJ�SURFHVVHV��H[SODLQ�KRZ�WKH\�ZRUN�DQG��WR�D�FHUWDLQ�
H[WHQW�� DSSO\� WKHP� WKHPVHOYHV�� 7KH� HQWLUH�PRGXOH� LV� ZRUWK� ILYH� (&76� SRLQWV�� 'XH� WR� WKH�
QXPEHU�RI�VWXGHQWV�DQG�WKH�OLPLWHG�UHVRXUFHV��SUDFWLFDO�NQRZOHGJH�LV�QRW�LPSDUWHG�WR�WKH�VDPH�
TXDOLW\�IRU�DOO�SDUWLFLSDQWV��$V� LOOXVWUDWHG�LQ�)LJXUH����D� ODERUDWRU\�JURXS�FRQVLVWV�RI�XS�WR����
VWXGHQWV�ZKR�DUH�H[SHFWHG�WR�REVHUYH��OLVWHQ�DQG�XQGHUVWDQG�WKH�LQWHUDFWLRQ�EHWZHHQ�SURFHVV��
KDQGOLQJ�DQG�W\SHV�RI�HUURUV�ZLWKLQ�SUDFWLFDO�GHPRQVWUDWLRQV���
�
'XULQJ�WKH�ODERUDWRU\�H[HUFLVHV��VWXGHQWV�DQG�LQVWUXFWRUV�DUH�FRQIURQWHG�ZLWK�FKDOOHQJHV�GXH�
WR�VPRNH�JDVHV��VSDUNV��QRLVH��REVWUXFWHG�YLVLRQ��QRLVH�DQG�DFRXVWLFV�HWF��,Q�SDUWLFXODU��WKH�
YLVXDO� LPSDLUPHQW� DQG� WKH� SRRU� DFRXVWLFV� DUH�PDLQ� UHDVRQV� IRU� WKH� LQDGHTXDWH� WUDQVIHU� RI�
NQRZOHGJH�IURP�LQVWUXFWRUV�WR�VWXGHQWV��'XH�WR�WKH�VL]H�RI�WKH�JURXS��WKH�VWXGHQWV�FDQQRW�IXOO\�
H[SHULHQFH� WKH�SUDFWLFDO�GHPRQVWUDWLRQ�DV�RQO\� WKH� IHZ�VWXGHQWV�ZKR�KDYH�D�FOHDU�YLHZ��$�
ZHOGLQJ�PLUURU�RU�D�ZHOGLQJ�KHOPHW�PXVW�EH�ZRUQ�GXULQJ�ZHOGLQJ�WR�SURWHFW�WKH�H\HV��$V�D�UHVXOW��
WKH� DUF� FDQ� EH� REVHUYHG�ZLWKRXW� HQGDQJHULQJ� WKH� H\HV�� KRZHYHU� SKHQRPHQD� VXFK� DV� WKH�
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GLVWDQFH�EHWZHHQ�WKH�WRUFK�DQG�EDVH�PDWHULDO�DV�ZHOO�DV�WKH�WRUFK�JXLGDQFH�DUH�QRW�VXIILFLHQWO\�
UHFRJQL]DEOH��7KH�HQYLURQPHQW�ZRXOG�EH�EOXUUHG�E\�WKH�HYDSRUDWHG�VPRNH�JDV�GXULQJ�ZHOGLQJ��
7KLV�PHDQV� WKDW� LPSRUWDQW�H[SODQDWLRQV�FDQ�RQO\�EH�SDUWLDOO\�REVHUYHG�E\� WKH�VWXGHQWV��7R�
FDUU\�RXW�WKH�ODERUDWRU\�H[HUFLVHV��WKH�YHQWLODWLRQ�V\VWHP�PXVW�EH�VZLWFKHG�RQ�WR�HYDFXDWH�WKH�
VPRNH�JDVHV��7KH�UHVXOWLQJ�EDFNJURXQG�QRLVH�DQG�WKH�QRLVHV�WKDW�RFFXU�GXULQJ�ZHOGLQJ�PDNH�
LW�GLIILFXOW�WR�XQGHUVWDQG�WKH�H[SODQDWLRQV�SURSHUO\��OHDGLQJ�WR�LQVXIILFLHQW�WUDQVIHU�RI�NQRZOHGJH�
WR�VWXGHQWV��7KH�LQVWUXFWRU�H[SODLQV�WKH�LPSRUWDQW�DVSHFWV�ZKLOH�ZHOGLQJ�DQG�ZHDUV�D�ZHOGLQJ�
KHOPHW�IRU�H\H�SURWHFWLRQ��7KH�LQVWUXFWRU¶V�YRLFH�LV�PXIIOHG�E\�WKH�KHOPHW�DQG�LV�RYHUODLG�E\�WKH�
EDFNJURXQG�QRLVH��$FFRUGLQJO\��RQO\�WKH�YHU\�DWWHQWLYH�VWXGHQWV�LQ�WKH�LPPHGLDWH�YLFLQLW\�RI�WKH�
LQVWUXFWRU�FDQ�SLFN�XS�DOO�WKH�LPSRUWDQW�LQIRUPDWLRQ��,Q�DGGLWLRQ�WR�WKH�GLIILFXOWLHV�LQ�WKH�SUDFWLFDO�
WUDQVIHU�RI�NQRZOHGJH��VWXGHQWV�DOVR�KDG�GHPDQGV�IRU�LPSURYHPHQW��$FFRUGLQJ�WR�WKH�VXUYH\V�
IURP������DQG�����������RI�WKH�VWXGHQWV�ZDQWHG�WR�LQFUHDVH�WKH�SURSRUWLRQ�RI�VHOI�ZHOGLQJ��
7KH\� DOVR� H[SUHVVHG� WKDW� WKH� WKHRUHWLFDO� SDUW� RI� WKH� ODERUDWRULHV� VKRXOG� EH� UHGXFHG� WR� D�
PLQLPXP�� VLQFH� WKRVH� FRQWHQWV� ZHUH� H[SODLQHG� LQ� WKH� OHFWXUHV�� +RZHYHU�� GHVSLWH� WKRVH�
FKDOOHQJHV�� ODERUDWRULHV� DUH� HOHPHQWDU\� FRPSRQHQWV� RI� DSSOLHG� LQVWUXFWLQJ� DQG� DUH� KLJKO\�
YDOXHG�E\�VWXGHQWV���
�

�
)LJXUH����$�W\SLFDO�ODERUDWRU\�IRU�ZHOGLQJ�

�
�
DESIGNING A NEW LABORATORY FORMAT 
�
7KH�SDQGHPLF�VLWXDWLRQ�LQ�WKH�VXPPHU�VHPHVWHU�RI������UHTXLUHG�D�IXQGDPHQWDO�UHGHVLJQ�RI�
WKH�FRQFHSW�RI�WKH�ODERUDWRULHV�IRU�MRLQLQJ�WHFKQRORJ\��$V�SDUW�RI�VWXGHQW�SURMHFWV��DQ�RYHUDOO�
FRQFHSW� ZDV� GHYHORSHG� WR� RSWLPL]H� WKH� WUDQVIHU� RI� NQRZOHGJH� DQG� RYHUFRPH� WKH� DERYH�
PHQWLRQHG�FKDOOHQJHV�DQG�UHVWULFWLRQV��/HDUQLQJ�RXWFRPHV�DQG�FUHGLWV�WKHUHE\�UHPDLQHG�WKH�
VDPH�DV�LQ�WKH�WUDGLWLRQDO�IRUPDW��'LIIHUHQW�IRUPDWV�VXFK�DV�H[SODQDWRU\�YLGHRV��YLUWXDO�WRXUV��
DXJPHQWHG�UHDOLW\��DQG�GLJLWDO�OLYH�SUHVHQWDWLRQV�ZHUH�FRPELQHG�LQWR�DQ�RYHUDOO�FRQFHSW�IRU�WKH�
ODERUDWRULHV�FRQVLVWLQJ�RI�WKH�IROORZLQJ�LQWHUOLQNHG�SLOODUV��

���9LUWXDO�ODERUDWRULHV���OHDUQLQJ�RXWFRPH�RQOLQH�WHVWV�
���2QOLQH�SUHVHQFH�ODERUDWRULHV���SURWRFRO���OHDUQLQJ�RXWFRPH�RQOLQH�WHVWV�
���2Q�VLWH�SUHVHQFH�ODERUDWRULHV���:HOGLQJ�XVLQJ�DXJPHQWHG�UHDOLW\�DQG�UHDO�ZHOGLQJ�
�

�
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�
�

�
$IWHU�DV�VKRUW�GHVFULSWLRQ�RI�WKH�WHFKQLFDO�VHW�XS��ZH�ZLOO�GHVFULEH�WKH�WKUHH�SLOODUV�LQ�PRUH�GHWDLO��
�
Technical set-up 
�
)RU�WKH�ILUVW�DQG�VHFRQG�SLOODU��D�WUDLQHG�ODERUDWRU\�VWDII�LV�QHHGHG�WR�XVH�DQG�LQWHJUDWH�FDPHUDV�
DQG�PLFURSKRQHV��0RUHRYHU�� WKH� FDPHUDV� DQG�PLFURSKRQHV� XVHG�PXVW� EH� VXLWDEOH� IRU� WKH�
VSHFLDO�HQYLURQPHQW��EULJKWQHVV��QRLVH��VPRNH��KHDW��VSDUNV��HWF���RI�ZHOGLQJ��,Q�SDUWLFXODU��LW�
LV� UHYHDOHG� WKDW�D�VHOI�IRFXVLQJ�FDPHUD� LV� WKH�PRVW�SUREOHPDWLF�RQH�GXULQJ�ZHOGLQJ��DV� WKH�
YLGHRV� EHFDPH� XQXVDEOH� GXH� WR� WKH� DXWRPDWLF� IRFXVLQJ�� 2Q� WKH� RWKHU� KDQG�� IL[HG� IRFXV�
FDPHUDV�DUH�QRW�SUHFLVH�HQRXJK�ZKHQ�FORVH�XS�VKRWV�KDG�WR�EH�VKRZQ��7KH�EULJKWQHVV�RI�WKH�
ZHOGLQJ�SURFHVV�LV�DQRWKHU�FKDOOHQJH�WR�UHFRGH�GLJLWDO� ODERUDWRU\�PDWHULDOV��RIIOLQH�RU�RQOLQH�
YLGHRV���8VLQJ�D�ILOWHU�ZRXOG�UHGXFH�WKH�EULJKWQHVV�DQG�PDNH�WKH�ZHOGLQJ�SURFHVV�ZDWFKDEOH��
KRZHYHU��WKH�RYHUDOO�YLHZ�RI�WKH�ZHOGLQJ�SURFHVV�LV�WKHUHE\�LPSDLUHG�RU�KLQGHUHG���
�
$V�DOUHDG\�H[SODLQHG��ZHOGLQJ�E\�SURGXFWV�VXFK�DV�VPRNH�DQG�UDGLDWLRQ�DV�ZHOO�DV�EULJKWQHVV�
UHTXLUH� WKH� XVH� RI� D� ZHOGLQJ� KHOPHW�� 7KLV� SURWHFWV� WKH� LQVWUXFWRU� GXULQJ� WKH� SUDFWLFDO�
GHPRQVWUDWLRQ��,Q�DGGLWLRQ��WKH�IXPH�H[WUDFWLRQ�PXVW�EH�VZLWFKHG�RQ�LQ�RUGHU�WR�GLVFKDUJH�WKH�
ZHOGLQJ�JDVHV��%RWK�WKH�ZHOGLQJ�KHOPHW�DQG�WKH�VPRNH�HYDFXDWLRQ�V\VWHP�SUHYHQW�D�VRXQG�
WUDQVPLVVLRQ�� ,Q� WKH�SULPDU\� UHFRUGLQJV�� WKH� LQVWUXFWRU
V�H[SODQDWLRQV�DQG� WKH� FKDUDFWHULVWLF�
QRLVHV� GXULQJ�ZHOGLQJ�ZHUH� GURZQHG� RXW� E\� WKH� IXPH� H[WUDFWLRQ� V\VWHP�� $OVR�� WKH� W\SH� RI�
PLFURSKRQH�LQIOXHQFHV�WKH�VRXQG�TXDOLW\�RI�UHFRUGHG�YLGHRV��8VLQJ�D�ZLUHOHVV�PLFURSKRQH�KDV�
WKH�DGYDQWDJH�RI� IUHH�PRYLQJ�KRZHYHU� WKH�GLVDGYDQWDJH�RI� VRXQG�PLVVLQJ�RU� GHOD\�VRXQG�
WUDQVPLVVLRQ�� $V� D� UHVXOW� RI� WKH� ILUVW� VWXG\� WKHUH� ZDV� D� QHHG� IRU� WKUHH� FDPHUDV� DQG� WZR�
PLFURSKRQHV� �ERWK� HTXLSSHG� ZLWK� VXUURXQGLQJ� QRLVH� FDQFHOOLQJ�� WR� EHWWHU� FDSWXUH� WKH� UHDO�
ZHOGLQJ�DWPRVSKHUH��)RU�WKH�DUUDQJHPHQW�RI�WKH�RQOLQH�SUHVHQFH�ODERUDWRULHV��D�VRIWZDUH�ZDV�
QHFHVVDU\�WR�LQWHJUDWH�GLIIHUHQW�SHUVSHFWLYH�RQ�RQH�PRQLWRU��7KH�IUHHZDUH�VRIWZDUH�2%6�ZDV�
FKRVHQ�VLQFH�LW�ZDV�DOUHDG\�XVHG�IRU�WKH�WKHRUHWLFDO�OHFWXUHV���
�
7KH�HTXLSPHQW�XVHG�WR�SURGXFH�WKH�YLGHRV�ERWK�IRU�YLUWXDO�DQG�RQOLQH�SUHVHQFH�ODERUDWRULHV�
DUH�VFKHPDWLFDOO\�GHSLFWHG�LQ�)LJXUH����7KH�EHVW�TXDOLW\�ZDV�SURGXFHG�E\�KDYLQJ�WZR�OHFWXUHUV�
�QU����DQG����LQ�)LJXUH�����7KH�PDLQ�OHFWXUHU�����SHUIRUPV�WKH�ZHOGLQJ�DQG�H[SODLQV�LVVXHV�GXULQJ�
ZHOGLQJ��1U����LV�WKH�DVVLVWDQW�OHFWXUHU�ZKR�WDNHV�FDUH�RI�WKH�2SHQ�%URDGFDVWHU�6RIWZDUH��2%6��
�QU�� ���� 7KH� DVVLVWDQW� LV� DOVR� UHVSRQVLEOH� IRU� WKH� DUUDQJHPHQW� RI� WKH� FDPHUDV�� WKHLU�
UHSRVLWLRQLQJ�� LI�QHFHVVDU\��DV�ZHOO�DV�REVHUYLQJ�WKH�FKDW�PRQLWRU��7R�DVVXUH�DQ�DFFHSWDEOH�
YLGHR�DQG�VRXQG�TXDOLW\��WKHUH�LV�D�QHHG�RI�XVLQJ�WKUHH�FDPHUDV��QU�������DQG�����7KH�VRXQG�LV�
WUDQVPLWWHG�XVLQJ�D�PLFURSKRQH�LQ�WKH�KHOPHW�RI�WKH�PDLQ�OHFWXUHU��7KLV�ZD\��WKH�H[SODQDWLRQV�
PDGH�DUH�FOHDUO\�XQGHUVWDQGDEOH��7KH�ZHOGLQJ�VRXQG�ZDV�FDSWXUHG�E\�D�PLFURSKRQH�DWWDFKHG�
WR�FDPHUD�QU�����7KLV�PLFURSKRQH�ZLWK�D�VXUURXQGLQJ�QRLVH�FDQFHOLQJ�HOLPLQDWHG�PRVW�RI�WKH�
GLVWXUELQJ�VRXQG�RI�WKH�IXPH�H[WUDFWLRQ�V\VWHP��
�
7KH�VHW�XS�VKRZQ�LQ�)LJXUH���ZDV�HVVHQWLDO�IRU�RQOLQH�SUHVHQFH�ODERUDWRULHV��VLQFH�WKH�VWXGHQWV�
MRLQLQJ� WKH� ODERUDWRU\� IURP� KRPH� KDG� WR� FOHDUO\� VHH� DQG� XQGHUVWDQG� WKH� FRUUHODWLRQ� RI� WKH�
ZHOGLQJ�DSSHDUDQFH�DQG�VHW�SDUDPHWHU��7KH�FKDW�IXQFWLRQ�HQDEOHV�DQ�LQWHUDFWLYH�ODERUDWRU\��
)RU�WKH�H[HFXWLRQ�RI�WKH�YLUWXDO�ODERUDWRULHV�WKH�VDPH�VHW�XS�ZDV�XVHG���
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�
)LJXUH����6FKHPDWLF�VHW�XS�RI�D�ZHOGLQJ�ODERUDWRU\�

�
:LWKLQ�WKH�ODERUDWRULHV��GLIIHUHQW�NH\�SURFHVVHV�RI�MRLQLQJ�DUH�GHPRQVWUDWHG�DQG�H[SODLQHG���
$IWHU�D�FHUWDLQ�WUDLQLQJ�RI�WKH�ODERUDWRU\�VWDII�ILUVW�GLJLWDO�ODERUDWRULHV�SUHVHQWHG�LQ�-XQH�������
,Q�WKH�IROORZLQJ��WKH�FRQWHQW�RI�WKH�GLIIHUHQW�ODERUDWRU\�W\SHV��LQWHUOLQNHG�SLOODUV��LV�H[SODLQHG���
�
Pillar 1: Virtual laboratories 
�
7KH�YLUWXDO�ODERUDWRULHV�KDYH�EHHQ�GHVLJQHG�FRQVLGHULQJ�SDUWV�RI�IOLSSHG�ODE�FRQFHSW��ZKHUH�
WKH� WKHRUHWLFDO� OHFWXULQJ� SDUW� LV�PRYHG�RXWVLGH� WKH� FODVVURRP� WR� IUHH�PRUH� URRP� IRU� DFWLYH�
OHDUQLQJ��6W|KU�	�$GDZL���������7KH�YLUWXDO�ODERUDWRULHV�DUH�FUHDWHG�DV�VHOI�VWXG\�PRGXOH�DQG�
LQFOXGH� SUH�VHOHFWHG� YLGHR� PDWHULDO� DQG� VKRUW� WH[WV�� )ROORZLQJ� EHVW� SUDFWLFHV� RI� YLGHR�
SURGXFWLRQ�LQ�RQOLQH�HGXFDWLRQ��H�J���*XR�HW�DO����������WKH�EDVLFV�RI�HDFK�SURFHVV�DUH�H[SODLQHG�
LQ�VKRUW�YLGHRV�ZLWK�D�OHQJWK�RI�WKUHH�WR�ILYH�PLQXWHV��7KH�VKRUW�GHVFULSWLRQV�HQDEOH�VWXGHQWV�D�
EHWWHU�XQGHUVWDQGLQJ�RI�WKH�SURFHVV��)RU�HDFK�RI�WKH�DERYH�PHQWLRQHG�SURFHVVHV��H[SODQDWRU\�
YLGHRV�KDYH�WR�EH�SURGXFHG�ZKLFK�LV�D�WLPH�FRQVXPLQJ�VWHS��7KHUHIRUH��DV�D�ILUVW�DSSURDFK��
DYDLODEOH�YLGHRV�RQ�<RX7XEH�KDG�EHHQ�HYDOXDWHG��7KHVH�YLGHRV�DQG�H[SODQDWRU\� WH[WV�DUH�
SUHVHQWHG�WR�WKH�VWXGHQWV�XVLQJ�D�0RRGOH�SODWIRUP�RI�WKH�XQLYHUVLW\��7KH�VR�FDOOHG�(PLO�5RRP�
FRQWDLQV�DOO�QHFHVVDU\�LQIRUPDWLRQ�IRU�WKH�VWXGHQWV�IRU�HDFK�LQGLYLGXDO�PRGXOH��7KHUHIRUH��WKH�
QHFHVVDU\� ILOHV� IRU� WKH� YLUWXDO� ODERUDWRULHV� DUH� XSORDGHG� LQ� WKH� (PLO�5RRP�� DYDLODEOH� IRU�
UHJLVWHUHG� VWXGHQWV�� 7KH� WRWDO� ZRUNLQJ� ORDG� RI� WKLV� SDUW� LV� DERXW� WZR� WR� IRXU� KRXUV� IRU� WKH�
VWXGHQWV��7KH�SLOODU�RI�YLUWXDO� ODERUDWRULHV�LV�FRPSOHWHG� WKURXJK�D�VXFFHVVIXO�PXOWLSOH�FKRLFH�
WHVW�DQG�VWXGHQWV�DUH�SURYLGHG�ZLWK�WHVW�IXQFWLRQV�DV�D�JDWH�WR�SDVV�RQ�WR�WKH�VHFRQG�SLOODU�RI�
WKH�ODERUDWRU\�HYHQW���
�
Pillar 2: Online presence laboratories 
�
7KLV�W\SH�RI�ODERUDWRU\�LV�GHVLJQHG�DV�D�OLYH�VWUHDP�ZLWK�OLYH�LQWHUDFWLQJ�VWXGHQWV�IURP�KRPH��
6WXGHQWV�DUH�DVNHG�WR�VXJJHVW�WKH�ZHOGLQJ�SDUDPHWHUV�DQG�WKH�PDLQ�OHFWXUHU�GHPRQVWUDWHV�
WKH�ZHOGLQJ�DQG�GLVFXVVHV�YLVLEOH�FRUUHODWLRQV�ZLWK�WKH�VWXGHQWV��7KH�PDLQ�OHFWXUHU�HPSKDVL]HV�
FHUWDLQ�SKHQRPHQD�RI�ZHOGLQJ�VXFK�DV�DUF�W\SH�RU�IRUPDWLRQ�RI�VLOLFRQ�QLWULGH��VSDUNV�HWF��7KH�
PDLQ�DLP�RI�WKLV�ODERUDWRU\�ZLWK�D�WRWDO�ZRUNLQJ�KRXU�RI����LV�WR�HYDOXDWH�PHDQLQJIXO�SDUDPHWHUV�
WRJHWKHU�ZLWK�WKH�VWXGHQWV�DQG�GHPRQVWUDWH�WKH�UHVXOW�RI� WKRVH�SDUDPHWHUV��7R�GR�VR��HDFK�
VHPHVWHU�RWKHU�QHZ�SDUDPHWHUV�ZLOO�EH�XVHG�WR�SURGXFH�ZHOGV�IRU�WKH�OLYH�GLVFXVVLRQ��7KH�OLYH�
GLVFXVVLRQ�SDUW�LV�PRGHUDWHG�E\�WKH�DVVLVWDQW�OHFWXUHU�DV�GHSLFWHG�LQ�ILJXUH����
�
+DYLQJ�WKH�GLDORJXH�ZLWK�VWXGHQWV�LV�WKH�HVVHQWLDO�SDUW�RI�WKHVH�ODERUDWRULHV��)LJXUH���VKRZV�
WKH� DSSOLFDWLRQ� RI� WKH� ODERUDWRU\� DIWHU� SHUIRUPLQJ� OLYH� ZHOGLQJ�� 7KH� PDLQ� OHFWXUHU� DVNV�
TXHVWLRQV��H[SODLQV��DQG�GLVFXVVHV�WKH�UHVXOWV��7KH�DVVLVWDQW�OHFWXUHU�NHHSV�WKH�RYHUYLHZ�DQG�
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PRGHUDWHV�WKH�VHVVLRQ��7KLV�SLOODU�LV�VXFFHVVIXOO\�SDVVHG�ZKHQ�VWXGHQWV�XSORDG�WKHLU�SURWRFROV�
DQG�SDVV�DQ�RQOLQH�WHVW���
�
Pillar 3: On-site presence laboratories 
�
7KH�RQ�VLWH�SUHVHQFH�ODERUDWRU\�LV�FRQFHSWHG�WR�DOORZ�VWXGHQWV�WR�GR�YLUWXDO�DQG�UHDO�ZHOGLQJ�
RQ� WKHLU�RZQ�DQG�H[SHULHQFH� WRSLFV� OLNH�VDIHW\��PDFKLQHU\��DQG�KDQGOLQJ�� ,W� LV� WR�QRWLFH� WKH�
ZHLJKW�RI�WKH�WRUFK�WR�XQGHUVWDQG�KRZ�WR�VHW�SDUDPHWHUV�DQG�WR�XQGHUVWDQG�WKDW�WKH�TXDOLW\�RI�
D� ZHOG� LV� YHU\� GHSHQGHQW� RQ� WKH� PRRG�� IDWLJXH� VWDWH� DQG� VR� RQ� RI� WKH� ZHOGHU�� 7KHVH�
ODERUDWRULHV� UHSUHVHQW� D� IXUWKHU� GHYHORSPHQW� RI� WKH� FODVVLF� ODERUDWRULHV�� 6LQFH� WKH� FODVVLF�
ODERUDWRULHV�ZHUH�DSSUHFLDWHG�E\�VWXGHQWV��LW�ZDV�GHFLGHG�WR�NHHS�RQ�VLWH�ODERUDWRULHV�LQ�D�ZD\�
WKDW�VWXGHQWV�HQWHU�DQG�VWDUW�ZHOGLQJ�DIWHU�D�VKRUW�LQWURGXFWLRQ�RQ�KRZ�WR�XVH�WKH�PDFKLQHV��
7KHVH�ODERUDWRULHV�KDYH�D�ZRUNLQJ�ORDG�RI�WZR�KRXUV��7KH�SDVW�RQ�VLWH�SUHVHQFH�ODERUDWRULHV�
DOORZHG� WKH� VWXGHQWV� RQO\� WR� GR� 0DQXDO� 0HWDO� $UF� �00$�� ZHOGLQJ�� 7KH� QHZO\� GHYHORSHG�
FRQFHSW�H[SDQGV�QRW�RQO\�WKH�WLPH�VWXGHQWV�FDQ�SUDFWLFDOO\�ZHOG�RQ�WKHLU�RZQ��EXW�DOVR�JLYH�
WKHP�WKH�H[SHULHQFH�WR�GR�0HWDO�6KLHOGLQJ�*DV��06*��ZHOGLQJ�DV�ZHOO��7KH�QHZ�FRQFHSW�WKDW�
DOVR�FRQVLGHUHG�VXJJHVWLRQV�RI�WKH�VWXGHQWV��ZDV�DSSOLHG�LQ�ZLQWHU�VHPHVWHU������DQG�VXPPHU�
VHPHVWHU������WR�VWXGHQWV�RI�WKH�PRGXOH�MRLQLQJ�WHFKQRORJ\��HQDEOLQJ�WKH�DXWKRUV�WR�SUHVHQW�
ILUVW�H[SHULHQFHV�IURP�VWXGHQW�DQG�WHDFKHU�SHUVSHFWLYH���
�

�
)LJXUH����6FKHPDWLF�VHW�XS�RI�D�ZHOGLQJ�ODERUDWRU\�

 
2YHUDOO�� WKH�GHYHORSPHQW�RI� WKLV�FRQFHSWV�UHTXLUHV�VXEVWDQWLDO�HIIRUW�SULRU�WR�WKH�FRXUVH�DQG�
PXVW� EH� VWDUWHG� DW� OHDVW� KDOI� D� \HDU� EHIRUH� LPSOHPHQWDWLRQ�� 'XULQJ� WKH� FRXUVH�� KRZHYHU��
WHDFKLQJ�HIIRUW�LV�UHGXFHG�E\�FD�����RYHU�WKH�FRXUVH�RI�WKH�VHPHVWHU�FRPSDUHG�WR�WKH�SULRU�
VHW� XS��7KLV� LV�PDLQO\� EHFDXVH� WKH�QHHG� WR� UHSHDW�D� ODUJH�DPRXQW�RI� WKH� FRQWHQW� IRU� WKUHH�
JURXSV�ZDV�UHGXFHG�WR�RQO\�RQH�JURXS��)XUWKHU��WKH�YLUWXDO�ODERUDWRULHV���WKRXJK�HIIRUW�LQWHQVLYH�
LQ�WKHLU�GHYHORSPHQW���UHTXLUH�OLWWOH�WR�QR�WHDFKLQJ�HIIRUW�GXULQJ�WKH�FRXUVH��7KH�LPSOHPHQWDWLRQ�
RI�WKH�RQOLQH�SUHVHQFH�ODERUDWRULHV�WDNHV�DERXW�WZLFH�WKH�WLPH��DV�WZR�HPSOR\HHV�DUH�QHHGHG�
IRU�WKH�DFWXDO�GHPRQVWUDWLRQ�DQG�RSHUDWLQJ�WKH�FRPSXWHU��FDPHUDV��DQG�FKDW��7KH�ZRUNORDG�IRU�
WKH�RQ�VLWH�SUHVHQFH�ODERUDWRULHV�UHPDLQV�DERXW�WKH�VDPH�DV�LQ�WKH�SUHYLRXV�IRUPDW��
METHOD�
�
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$V�WKH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�SUHVHQW�WKH�GHVLJQ�DQG�HYDOXDWLRQ�RI�D�EOHQGHG�ODERUDWRU\��D�
FDVH� VWXG\� DSSURDFK� �<LQ�� �������ZDV�HPSOR\HG��$� FDVH� VWXG\� LV� D� UHVHDUFK�PHWKRG� WKDW�
LQYROYHV�DQ� LQ�GHSWK�H[DPLQDWLRQ�RI�D�VSHFLILF�VLWXDWLRQ�RU�HYHQW�� VXFK�DV�D�SHUVRQ��JURXS��
RUJDQL]DWLRQ��FRPPXQLW\��RU�SKHQRPHQRQ��,W�LV�D�ZD\�RI�JDLQLQJ�LQVLJKWV�LQWR�FRPSOH[�VRFLDO�
DQG� EHKDYLRUDO� SKHQRPHQD� E\� VWXG\LQJ� WKHP� LQ� WKHLU� QDWXUDO� VHWWLQJ�� &DVH� VWXGLHV� DUH� DQ�
DSSURSULDWH� UHVHDUFK�PHWKRG� ZKHQ� WKH� JRDO� LV� WR� XQGHUVWDQG� KRZ� RU� ZK\� D� SKHQRPHQRQ�
RFFXUV� LQ�D�SDUWLFXODU�FRQWH[W�� ,W�FDQ� LQYROYH� WKH�FROOHFWLRQ�RI�GDWD�WKURXJK�YDULRXV�PHWKRGV�
VXFK�DV�LQWHUYLHZV��REVHUYDWLRQV��DQG�GRFXPHQW�DQDO\VLV��DQG�WKH�GDWD�LV�XVXDOO\�DQDO\]HG�LQ�
D�KROLVWLF�DQG�LQWHUSUHWLYH�PDQQHU��0HUULDP���������
�
,Q�WKLV�VWXG\��WKH�DXWKRUV�FROOHFWHG�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�GDWD�IURP�VWXGHQWV�WKURXJK�HQG�
RI�FRXUVH�HYDOXDWLRQV�WKDW�DVNHG�VWXGHQWV�WR�UDWH�WKHLU�XQGHUVWDQGLQJ�RI�WKH�PDWHULDO�DQG�WKHLU�
VDWLVIDFWLRQ�ZLWK� WKH� LQVWUXFWLRQ��SHUIRUPDQFH�GDWD� LQ� IRUP�RI�H[DP�UHVXOWV��7KH�TXDQWLWDWLYH�
GDWD�ZDV�DQDO\]HG�XVLQJ�GHVFULSWLYH�VWDWLVWLFV��H�J���&OHII���������7KH�GDWD�IURP�WKH�WHDFKHU�
UHIOHFWLRQV�DQG�VWXGHQW�HYDOXDWLRQV�ZHUH�DQDO\]HG�YLD�LQGXFWLYH�WKHPDWLF�DQDO\VLV��%UDXQ�DQG�
&ODUNH��������WR� LGHQWLI\�SDWWHUQV�DQG�FRPPRQ�WKHPHV� LQ� WKH�IHHGEDFN�DV�ZHOO�DV�DUHDV�RI�
VWUHQJWKV�DQG�ZHDNQHVVHV�RI�WKH�QHZ�ODERUDWRU\�GHVLJQ��7RJHWKHU��WKH�GDWD�ZDV�LQWHUSUHWHG�
WR� LGHQWLI\� DUHDV� RI� LPSURYHPHQW� IRU� LQVWUXFWLRQ� DQG� DVVHVVPHQW�� DQG� WR� GHYHORS�
UHFRPPHQGDWLRQV�IRU�IXWXUH�LQVWUXFWLRQ��
�
�
RESULTS 
 
Student activity  
�
7KH�MRLQLQJ�WHFKQRORJ\�PRGXOH�FRQVLVWV�RI���KRXUV�OHFWXUHV�SHU�ZHHN�DQG�RQH�KRXU�ODERUDWRU\�
ZRUN��7KXV��IRU�WKH�ZKROH�WHUP�����KRXUV�RI�ODERUDWRU\�ZRUN�PXVW�EH�FRPSOHWHG�E\�WKH�VWXGHQWV��
&RPSDUHG� WR� WUDGLWLRQDO� ODERUDWRULHV� �EHIRUH� ������ WKH� SUDFWLFDO� WLPH� RI� VHOI�ZHOGLQJ� ZDV�
GRXEOHG�� 7KH� WKHRUHWLFDO� SDUW� RI� WKH� ODERUDWRULHV� ZDV� FRQYHUWHG� LQWR� VHOI�VWXG\�� 7KLV� ZD\�
VWXGHQWV�ZHUH�HQDEOHG�WR�LQWHQVLI\�PRUH�WLPH�IRU�GHPRQVWUDWLRQ�H[SHULPHQWV�DQG�GLVFXVVLRQ�
ZLWK� ODERUDWRU\�VWDII�DV�ZHOO�DV�JDLQLQJ�VHOI�ZHOGLQJ�H[SHULHQFH��VHH�)LJXUH�����+RZHYHU�� LQ�
SUDFWLFH��WKH�KRSHG�IRU�DFWLYH�SDUWLFLSDWLRQ�LQ�WKH�RQOLQH�OLYH�ODERUDWRULHV�GLG�QRW�PDWHULDOL]H��DV�
PRVW�RI�VWXGHQWV�ZHUH�ORJJHG�LQ�EXW�GLG�QRW�SDUWLFLSDWH�LQ�WKH�FKDW��
�

�
)LJXUH����&RQYHQWLRQDO�ODERUDWRU\�DFWLYLWLHV��WRS��FRPSDUHG�WR�WKH�QHZ�GHVLJQ��ERWWRP��
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Student performance 
�
7KH�DVVHVVPHQW�VKRZHG�DQ�RYHUDOO�LPSURYHPHQW�LQ�WKH�JUDGHV�LQ�WKH�ODERUDWRU\�WHVWV�DIWHU�WKH�
SUDFWLFH�ODE��ZKLFK�LV�VKRZQ�LQ�7DEOH����7KH�DYHUDJH�JUDGH�LPSURYHG�IURP�����WR������QRWH�WKDW�
LQ�WKH�*HUPDQ�JUDGLQJ�V\VWHP��ORZHU�JUDGHV�LQGLFDWH�EHWWHU�OHDUQHU�SHUIRUPDQFH��DQG�LW�UDQJHV�
IURP����YHU\�JRRG�WR���� IDLOHG���7KLV� LV�DQ� LPSURYHPHQW�E\�����FRPSDUHG�WR�WKH�WUDGLWLRQDO�
ODERUDWRU\��
�

7DEOH����*UDGHG�ODERUDWRU\�WHVW�UHVXOWV�
�

Semester Number of students Average grade 
Summer 2019 ��� a�����
Summer 2021 ��� a�����

�
Student satisfaction 
�
6WXGHQW� IHHGEDFN� RQ� WKH� QHZ� GHYHORSHG� VHW�XS� LV� RYHUDOO� YHU\� JRRG� DV� LQGLFDWHG� E\� WKH�
DYHUDJH�DJUHHPHQWV�WR�VWDWHPHQWV�DERXW�YDULRXV�DVSHFWV�RI�WKH�FRXUVH�GHVLJQ��VHH�)LJXUH�����
$OO� LWHPV�VFRUHG��LQ�DYHUDJH��DERYH���ZKLFK�FRQILUPV�WKH�DWWUDFWLYHQHVV�RI�WKH�QHZ�OHDUQLQJ�
GHVLJQ�IRU�PRVW�VWXGHQWV��7KH�EHQHILWV�RI� WKLV�QHZ�OHDUQLQJ�GHVLJQ�ZHUH�DOVR�KLJKOLJKWHG�E\�
VWXGHQWV� WKURXJK�TXDOLWDWLYH� IHHGEDFN��ZLWK�VHYHUDO�NH\� WKHPHV�HPHUJLQJ��2QH�RI� WKH�PRVW�
FRPPRQO\�PHQWLRQHG�EHQHILWV�ZDV� WKH�DELOLW\� WR�SDUWLFLSDWH� LQ� ODERUDWRU\�DFWLYLWLHV� IURP� WKH�
FRPIRUW�RI�WKHLU�RZQ�KRPHV��7KLV�ZDV�VHHQ�DV�D�PDMRU�DGYDQWDJH��DV�LW�DOORZHG�VWXGHQWV�WR�
HQJDJH�LQ�SUDFWLFDO�ZHOGLQJ�DFWLYLWLHV�ZLWKRXW�WKH�QHHG�IRU�SK\VLFDO�DWWHQGDQFH�DW�WKH�XQLYHUVLW\��
$GGLWLRQDOO\��VWXGHQWV�QRWHG�WKH�KLJK�YLGHR�DQG�VWUHDPLQJ�TXDOLW\�RI�WKH�RQOLQH�UHVRXUFHV��ZKLFK�
LPSURYHG�WKHLU�RYHUDOO�OHDUQLQJ�H[SHULHQFH��$QRWKHU�EHQHILW�WKDW�ZDV�IUHTXHQWO\�PHQWLRQHG�E\�
VWXGHQWV�ZDV�WKH�LPSURYHG�RSSRUWXQLWLHV�IRU�GLVFXVVLRQ�DQG�FROODERUDWLRQ��7KH�RQOLQH�IRUPDW�
DOORZHG�IRU�GHHSHU�DQG�PRUH�WHFKQLFDO�DQG�YDOXDEOH�GLVFXVVLRQV��DV�ZHOO�DV�PRUH�WLPH�IRU�VHOI�
ZHOGLQJ�DQG�SUDFWLFDO�ZHOGLQJ�DFWLYLWLHV��$GGLWLRQDOO\��WKH�ODE�RQ�GHPDQG�YLGHRV�ZHUH�DOZD\V�
DFFHVVLEOH��ZKLFK�LQFUHDVHG�IOH[LELOLW\�LQ�WHUPV�RI�WLPH�DQG�ORFDWLRQ�IRU�VWXGHQWV��
�

�
)LJXUH�����6WXGHQW�VDWLVIDFWLRQ�ZLWK�WKH�QHZ�ODERUDWRU\�GHVLJQ���«IXOO\�GLVDJUHH�±���IXOO\�DJUHH��
�
�
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+RZHYHU��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�QHZ�OHDUQLQJ�GHVLJQ�DOVR�KDG�VRPH�GUDZEDFNV��6RPH�
VWXGHQWV� UHSRUWHG�PLQRU� WHFKQLFDO� FOLHQW� VLWH� SUREOHPV�� VXFK� DV� SRRU� LQWHUQHW� FRQQHFWLRQV��
ZKLFK�KLQGHUHG�WKHLU�DELOLW\�WR�DFFHVV�WKH�RQOLQH�UHVRXUFHV��$GGLWLRQDOO\��VRPH�VWXGHQWV�IHOW�WKDW�
WKH� ODFN� RI� �MXVW� LQ� WLPH�� SRVVLELOLW\� WR� DVN� TXHVWLRQV� GXULQJ� WKH� ODE�RQ�GHPDQG�SDUW�ZDV� D�
GLVDGYDQWDJH��7KH�RQOLQH�IRUPDW�DOVR�PDGH�LW�FKDOOHQJLQJ�WR�EXLOG�D�VHQVH�RI�FRPPXQLW\�DPRQJ�
VWXGHQWV�� )LQDOO\�� D� SDUW� RI� WKH� VWXGHQWV� DOVR� VWUHVVHG� WKH� LPSRUWDQFH� RI� XVLQJ� VXEWLWOHV� LQ�
DGGLWLRQ�WR�VSRNHQ�H[SODQDWLRQV��WR�KHOSHG�XQGHUVWDQG�WKH�FRQWHQW�PRUH�HDVLO\��
�
DISCUSSION 
�
7KLV�VWXG\�ZDV�VHW�RXW�WR�GHVFULEH�DQG�HYDOXDWH�WKH�VKLIW�WRZDUGV�D�QHZ�OHDUQLQJ�GHVLJQ�IRU�
ODERUDWRULHV�LQ�ZHOGLQJ�WKDW�XWLOL]HV�HGXFDWLRQDO�WHFKQRORJ\�DQG�D�IOLSSHG�FODVVURRP�SHGDJRJ\��
)URP� WKH� VWXGHQW� DVVHVVPHQW� DQG� HYDOXDWLRQ�� ZH� VHH� WKDW� DQ� LPSURYHPHQW� RI� OHDUQLQJ�
RXWFRPHV�ZDV� DFKLHYHG�� ZKLFK� ZH� DWWULEXWH� WR� VHYHUDO� IDFWRUV�� )LUVW�� WKH� ODUJHU� DPRXQW� RI�
SUDFWLFH� WLPH� LPSOLHG�DQ� LQFUHDVH� LQ�DFWLYH� OHDUQLQJ� IRU� WKH�VWXGHQWV��7KH�VWXGHQWV� OHDUQHG�
SUDFWLFDO�ZHOGLQJ�VNLOOV�LQ�ERWK�06*�DQG�00$�ZHOGLQJ�ZKLFK�ZDV�DOVR�UHDOO\�DSSUHFLDWHG�E\�
WKH�VWXGHQWV��)XUWKHU��TXDOLW\�� IOH[LELOLW\�DQG�DFFHVVLELOLW\�RI� WKH� OHFWXUHV�DQG�GHPRQVWUDWLRQV�
ZHUH� LQFUHDVHG�� 7KH� DV\QFKURQRXVO\� SURYLGHG� WKHRUHWLFDO� FRQWHQW� IRU� VHOI�VWXG\� FDQ� EH�
DFFHVVHG�DQG�SUDFWLFHG�E\�WKH�VWXGHQWV�DW�WKHLU�RZQ�GLVFUHWLRQ�DQG�SDFH��7KH�VWXGHQWV�OHDUQHG�
WKHRUHWLFDO�EDVLFV�RI�ZHOGLQJ�DQG�FXWWLQJ�WHFKQRORJLHV�DQG�SURFHVVHV�ZKLFK�ZHUH�VKRZQ�E\�WKH�
OHFWXUHUV�LQ�WKH�RQOLQH�OLYH�ODERUDWRU\�HYHQWV�VR�VWXGHQWV�ZHUH�QRW�RQO\�WROG�WKH�NQRZOHGJH��EXW�
WKH\�ZHUH�DOVR�JLYHQ�H[DPSOHV�WR�ORRN�DW��WR�KHDU�WKH�SURFHVVHV�DQG�WR�GLVFXVV��$OO�ODERUDWRULHV�
ZHUH�UHFRUGHG��DQG�WKH�UHVXOWV�ZHUH�PDGH�DYDLODEOH�WR�WKH�VWXGHQWV��PDNLQJ�UHFDSSLQJ�RI�WKH�
FRQWHQW�HDVLHU��7KH�RQOLQH�SUHVHQFH� ODERUDWRULHV�VKRZHG� LQGLYLGXDO�ZHOGLQJ�FKDUDFWHULVWLFV��
ZKHUH�WKH�FRQYH\DQFH�RI�WKH�FRXUVH�FRQWHQW�ZDV�QRW�QHJDWLYHO\�LQIOXHQFHG�E\�WKH�GHYHORSPHQW�
RI�VPRNH�JDVHV�� WKH�QRLVH� OHYHO��RU� WKH�QXPEHU�RI�JURXS�SDUWLFLSDQWV��7RJHWKHU�� WKLV�VHW�XS�
SURYLGHG� VWXGHQWV� ZLWK� D� EHWWHU� OHDUQLQJ� H[SHULHQFH�� ZKLFK� LV� DOVR� GHPRQVWUDWHG� E\� WKH�
HYDOXDWLRQ� UHVXOWV�� VWDWLQJ� WKDW� VWXGHQWV� SUHIHU� 'LJLWDO� /LYH� /DERUDWRULHV� IRUPDW� RYHU� WKH�
WUDGLWLRQDO�IRUPDW��VFRUH�������7KLV�LV�D�VRPHZKDW�VXUSULVLQJ�DV�VWXGHQWV��ZKLOH�DFNQRZOHGJLQJ�
WKH�EHQHILWV�RI�RQOLQH�OHDUQLQJ��JHQHUDOO\�WHQG�WR�SUHIHU�WKH�³UHDO�WKLQJ´��H�J��2OHVHQ�HW�DO�����������
�
7KHUH�ZHUH��KRZHYHU��DOVR�D�QXPEHU�RI�EDUULHUV�WKDW�QHHG�WR�EH�DGGUHVVHG�LQ�WKH�IXWXUH��)LUVW��
DV�W\SLFDO�IRU�IOLSSHG�OHDUQLQJ�GHVLJQV��WKH�DV\QFKURQRXV�VHOI�VWXG\�SDUW�SXWV�KLJK�GHPDQGV�RQ�
WKH�VWXGHQWV¶�VHOI�RUJDQL]DWLRQ�DQG�VHOI�UHJXODWLRQ�RI�OHDUQLQJ��6W|KU�HW�DO����������ZKLFK�ZDV�
QRW�WKH�FDVH�IRU�DOO�VWXGHQWV��)XUWKHU��LW�LV�PRUH�GLIILFXOW�LQ�DQ�RQOLQH�VHWXS�WR�HQJDJH�VWXGHQWV�
DFWLYHO\� YLD� FKDW� DQG� WKH� LQDGHTXDWH� DFWLYH� SDUWLFLSDWLRQ� RI� WKH� VWXGHQWV� FDQ� IUXVWUDWH� WKH�
LQVWUXFWRU��7KLV�FDQ�EH�H[SODLQHG�E\�WKH�LQFUHDVHG�WUDQVDFWLRQDO�GLVWDQFH�DV�WKH�³SV\FKRORJLFDO�
DQG�FRPPXQLFDWLRQ�VSDFH�WR�EH�FURVVHG��D�VSDFH�IRU�SRWHQWLDO�PLVXQGHUVWDQGLQJ�EHWZHHQ�WKH�
LQSXWV�RI�LQVWUXFWRU�DQG�WKRVH�RI�WKH�OHDUQHU´��0RRUH�������������FRPSDUHG�WR�LQ�FODVV�WHDFKLQJ�
DQG�ZKLFK�UHTXLUH�PHDVXUHV�WR�RYHUFRPH�LQ�RQOLQH�OHDUQLQJ��VHH�6W|KU�HW�DO����������)XUWKHU��
IURP�D�WHDFKHU�SHUVSHFWLYH��WKH�VSHFLDO�FRQGLWLRQ�RI�ZHOGLQJ�PDGH�LW�GLIILFXOW�IRU�WKH�OHFWXUHU�WR�
SURYLGH� GLJLWDO� FRQWHQW��&UHDWLQJ� WKRVH� FRQWHQWV� ZDV� D� WLPH�FRQVXPLQJ� HIIRUW� DQG� UHTXLUHG�
VXLWDEOH�HTXLSPHQW�WKDW�PRVWO\�ZDV�QRW�DYDLODEOH�DW�ILUVW�EXW�LV�FUXFLDO�IRU�WKH�VXFFHVV�RI�WKH�
RQOLQH�OHDUQLQJ�H[SHULHQFH��7KLV�ZDV�GHPRQVWUDWHG�WKURXJK�WKH�LVVXHV�ZLWK�WKH�ILUVW�GHYHORSHG�
YLGHRV�WKDW�KDG�SRRU�VRXQG�DQG�SLFWXUH�TXDOLW\��$V�D�UHVXOW��VWXGHQWV�GLG�QRW�ZDWFK�WKH�YLGHRV�
DQG� ERWK� VWXGHQWV� DQG� WKH� WHDFKHU� EHFDPH� IUXVWUDWHG�� 7KXV�� LW� LV� LPSRUWDQW� WR� REWDLQ� WKH�
VXLWDEOH�HTXLSPHQW��FDPHUDV�DQG�PLFURSKRQHV��EHIRUHKDQG�DQG�WR�FDUU\�RXW�DSSURSULDWH�WHVW�
UHFRUGLQJV�ZLWK�VPDOOHU�JURXSV�RI�VWXGHQWV��7KLV�DOVR�LPSOLHV�SURSHU�WUDLQLQJ�IRU�LQVWUXFWRUV�WR�
EH�DEOH�WR�XVH�³QHZ´�PHGLD�WKDW�WKH\�KDYH�QR�SULRU�H[SHULHQFH�ZLWK��
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CONCLUSIONS�
�
,Q�UHFHQW�\HDUV��WKH�XVH�RI�WHFKQRORJ\�LQ�HGXFDWLRQ�KDV�EHHQ�RQ�WKH�ULVH��ZLWK�DQ�LQFUHDVLQJ�
QXPEHU� RI� XQLYHUVLWLHV� DQG� LQVWLWXWLRQV� WXUQLQJ� WR� RQOLQH� DQG� EOHQGHG� OHDUQLQJ� PHWKRGV� WR�
HQKDQFH�WKH�VWXGHQW�H[SHULHQFH��2QH�VXFK�H[DPSOH�LV�WKH�LPSOHPHQWDWLRQ�RI�D�QHZ�OHDUQLQJ�
GHVLJQ� LQ� D� ZHOGLQJ� FRXUVH� LQ� KLJKHU� HGXFDWLRQ�� ZKLFK� XWLOL]HG� RQOLQH� UHVRXUFHV� VXFK� DV�
ODERUDWRU\� VLPXODWLRQV� DQG� ODE�RQ�GHPDQG� YLGHRV� WR� VXSSOHPHQW� WUDGLWLRQDO� LQ�SHUVRQ�
ODERUDWRU\�VHVVLRQV�WR�RYHUFRPH�GUDZEDFNV�RI�WUDGLWLRQDO�ODERUDWRU\�ZHOGLQJ�SUDFWLFH��ZKHUH�
VWXGHQWV� DQG� LQVWUXFWRUV� DUH� FRQIURQWHG� ZLWK� FKDOOHQJHV� GXH� WR� VPRNH� JDVHV�� VSDUNV��
REVWUXFWHG�YLVLRQ��QRLVH�DQG�DFRXVWLFV�HWF��2YHUDOO��WKH�QHZ�OHDUQLQJ�GHVLJQ�LPSOHPHQWHG�LQ�
WKH�ZHOGLQJ�FRXUVH�DW� WKH�XQLYHUVLW\�GHPRQVWUDWHG�D�QXPEHU�RI�EHQHILWV��VXFK�DV� LQFUHDVHG�
IOH[LELOLW\� DQG� LPSURYHG� RSSRUWXQLWLHV� IRU� GLVFXVVLRQ� DQG� FROODERUDWLRQ�� +RZHYHU�� LW� LV� DOVR�
LPSRUWDQW�WR�QRWH�WKDW�WKHUH�ZHUH�VRPH�GUDZEDFNV��VXFK�DV�WHFKQLFDO�GLIILFXOWLHV�DQG�FKDOOHQJHV�
LQ�EXLOGLQJ�D�VHQVH�RI�FRPPXQLW\�DPRQJ�VWXGHQWV��7KH�DXWKRUV�FRQFOXGH�WKDW�UHSODFHPHQW�RI�
ODERUDWRULHV�VROHO\�ZLWK�GLJLWDO�FRQWHQW� LV�QRW�H[SHGLHQW� IRU� MRLQLQJ� WHFKQRORJ\��3URYLGLQJ� WKH�
YLGHRV� RU� DQLPDWLRQV� GRHV� QRW� UHSODFH� WKH� GLDORJXHV� ZLWK� WKH� LQVWUXFWRUV�� ,Q� DGGLWLRQ�� LW� LV�
LPSRUWDQW� WKDW� SDUWLFXODUO\� LQ� WKH� FDVH� RI� GDQJHURXV� SURGXFWLRQ� DFWLYLWLHV� VXFK� DV� ZHOGLQJ�
WHFKQRORJ\�� WKH� VWXGHQWV� WKHPVHOYHV� GHYHORS� D� IHHOLQJ� IRU� WKH� GDQJHUV� �VPRNH�� UDGLDWLRQ��
QRLVH��FRPEXVWLRQ��HWF���DV�ZHOO�DV�IRU�WKH�MRE�VWUHVV�RQ�HPSOR\HHV��ZHOGHUV���7KLV�H[SHULHQFH�
FDQ� RQO\� EH� FRQYH\HG� WKURXJK� SUHVHQFH� ODERUDWRULHV�� 7KH� FRQFHSW� WHVWHG� KHUH� VKRZV� D�
EDODQFHG�PL[WXUH�RI�GLJLWDO�HYHQWV�DQG�ODERUDWRULHV�LQ�SUHVHQFH�ZLWK�SRVLWLYH�UHVXOWV�ZLWK�UHJDUG�
WR�VWXGHQW�VDWLVIDFWLRQ�DQG�OHDUQLQJ��,Q�WKH�IXWXUH��PRUH�FRQWHQWV�IRU�WKH�YLUWXDO�ODERUDWRULHV�ZLOO�
EH� SURGXFHG�� )XUWKHUPRUH�� D� QHZ� PHWKRG� KDV� WR� EH� GHYHORSHG� WR� LQFUHDVH� WKH� DFWLYH�
SDUWLFLSDWLRQ�RI�WKH�VWXGHQWV��:KLOH�RXU�VWXG\�SURYLGHV�VRPH�LQLWLDO�LQVLJKWV��IXUWKHU�FRPSDUDWLYH�
UHVHDUFK�LV�QHHGHG�WR�FRQILUP�WKH�WUDQVIHUDELOLW\�RI�RXU�ILQGLQJV�WR�RWKHU�SURJUDPV�DQG�OHDUQLQJ�
FRQWH[WV��7KLV�PD\�LQFOXGH�PHWD�VWXGLHV�DQG�FRPSDULVRQV�RI�PXOWLSOH�VLQJOH�FDVH�VWXGLHV��
 
 
FINANCIAL SUPPORT ACKNOWLEDGEMENTS 
 
7KLV�ZRUN� LV�D�SDUW� RI� WKH�SURMHFW��3UDFWLFDO�0HFKDQLFDO�(QJLQHHULQJ�2QOLQH��3UD0HFR��7KH�
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�������'(���.$����+(���������
�
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